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Separation of Aliphatic Alcohols bV Paired Tor

Liquid ChroMatographv hrrC

b5j T. Gnanasambandan and H, Freiser

DepartMent of CheMistri.

Urniversit5 of Arizona

Tucson, AZ 85721

ABSTRA CT

Using the cationic dvemethslene blue (as the

chloride salt) to enhance the sensitivit5 of detection of

species not possessing chroMophores as a 10-4 M component of a

Methanol/water Mobile phase, a series of alcohols from ethanol

to t-pertanol were separated or Fartisil ODS with good baseline

separation at subMicrograM levels using spectrophotoMetric

detection at 651 nm, A retention Model based on dye-alcohol

coMplex forMation and equilibrium partitioning of these species

is advanced.

During the course of studs of reversed phase paired ion

partition chroMatograph-s, we observed that neutral substances

such as aliphatic alcohols, esters, ketones, etc*, undergo

chromatographic separation in some as set undefined association

with the ion-pair.

Using the cationic dtie, methslene blue (as the chloride

salt) to enhance the sersitivitt of detection of species not
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po sessing chroMophores as a 104 M component of a Methanol/water

Mobile phase, a series df alcohols from ethanol to t-Pentanol

were separated on Partisil ODS with good baseline separation

(Fig. 1) at submicrograM levels using spectrophotoMetric

detection at 651nM (1).

In order to fulls exploit this novel Method of separation

and detection of organic neutrals, it is necessarv to studs the

characteristics of the process involved and to elucidate the

underlyins principles. This report describes our investigation

of the phenomena.

EXPERIMENTAL SECTION

Materials: The alcohols, ethanol, propanols, butanols and the

aMsl alcohols, used for the studs were obtained from various

souces, (Baker Analyzed Fisher Scientific) and were used as

received. Deionized water and Methanol were used for all Mobile

phase preparations.

Methvlene blue + CH3Heh 1 n H C '-N S N< N CH3  Cl "

CH3  0 N

MW. 373.9t Baker analvzed was used as received.

Apparatus: A Modular, high performance liquid chromatograph,

consisting of an Altex pump (Model llOA), a variable wave

length, u.v. visible detector (Schoeffel Model Sf 770

Spectroflow), a refractive index detector (Showa Denko K.K.

Shodex RI Model SE-11) and a strip chart recorder (Linear

*.'



Instruments Model 261M/M) was used. The sample injector was

I0yL loop injector (Spectra phtisics Rotart valve injector

SP-419-0410).

Mobile Phase: The Mobile phases consisted of 1.#0,10-4 M

methlene blue in various Mixtures of degassed methanol and

water ranging from 5 to 80 volume percent ethanol.

ColiuMn: A Partisil-5-ODS (Whatman) 25cm x 6.26MM, reported to

be 10% carbon loaded with <95Z surface hSdroxdl coverage was

used, Zorbax ODS (duPont) 25cM x 4.6Mm column was also used#

Conditioning of Column# Before use, the column was loaded with

methsilene blue bs passing Mobile phase through the column until

an absorbance equivalent to that of the original Mobile phase is

observed. When this plateau or background level absorbance is

achieved, samples are introduced. To remove the dse, a solution

of 50 volume percent chloroform in methanol is passed through

the column until the absorbance falls to the level of the blank

mobile phase. Alternativel%, 10 vol.% dimeth lsulfoxide in

methanol could be used. Both of these solvent sistems

efficientls remove the sorbed meth~slene blue.

Analssis Conditions: Samples injected are of 1 vol % solutions

of the alcohols in the mobile phase without dde, and are

injected via the lOuL loop sample valve. For the studs with the

due-free column, the sample solutions are of 25 vol X solution

in mobile phase. A higher concentration is used because of the
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low sensitivity of the refractive index detector. Mobile phase

composition varied from 90/10 to 30/70 volume ratio

water/Metharol, The flow rate through the column was either

0.5ML or l.OML per Minute.

The capacit5 factor,k, was calculated as (Vr-Vo)/Vo where

Vr is the apparent retention time volume of the solute and Vo is

the dead volume of the column. For Vo, the retention volume of

water was used.

ColuMn efficiency, expressed as the number of theoretical

plates of the column was calculated using the formula

N=5.5'I (tr/W ) 2

where tr is the retention time of the solute arid w is

the width of the base at half height* For the Zorbax column the

solutes chosen were p-x1ene, naphthalene and anthracene, arid

the Mobile phase was 80/20 volume ratio Methanol/water. The

study was conducted on the dye-free col.mn° The theoretical

plates before and after use remained to be the same within our

experimental error. The column had 55 0 0 t500 plates.

_____ _____A
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RESULTS AND DISCUSSION

Paired ion partition chromatograph5j has enjoued a position

of justified prominence in the separation of charged organic

species (2-6). The application to the separation of neutral

species, however, first described bu us (1), was totallu

unanticipated. In fact, neutrals have been used as Markers in

paired ion chromatography to clarifu the role of ion paring in

separation of charged species, Knox used benzul alcohol as a

solute whose v was esstentially unaffected by ion pairing

reagents and, therefore, provided a dramatic contrast to the

behavior of ionic species (5).

One of the Major questions to be answered in order to

understand the nature of these separations is the Manner in

which the neutral solutes are associated with the dye in both

Mobile and iMMobile phases. For exaMple, is a due-alcohol com-

plex formed or is the excess due present in the chromatographic

zone because of the local excess alcohol concentration? A coM-

parison of the capacity factors for the alcohols obtained both

in the presence and absence of the dye shows that the same se-

quence is observed in both cases, and further, that the two

sets of capacity factors are linearly related. The linear rela-

tionship of the capacity factors(Figure 2) indicates that the

chromatographic processes are similar. That they cannot be

identicalhoweveris seen from the different values for the

corresponding capacity factors as well as from the slope of the

linel.74,showins the greater separation achieved in the pres-

ence of the dye, Had the species been identical, a slope of

4



-6-

units would have beern exhibited.

Each of the alcohols studied exhibits a linear calibration

curve(Figure 3),from whose slope along with the known value of

the Molar absorbance of methvlene blue a stoichioMetric relat-

ionship between alcohol and dje car. be estimated. Values of mole

ratios of alcohol:d3e obtained in this manner(Table 1) are puz-

zling. on two counts, First, the indicated stoichioMetr-,

particularl%3 for the lower alcohols, do not seem rational.

Second, these ratios vart much more widely than might be

expected froM successive MeMbers of a homologous series.

The values of the ratios car, be understood, however, if it is

assumed that they result from complex-forMing reactions that do

riot go to completion and which, in the time scale of the

experiMent, are rapidlV reversible. InasMuch as the shapes of

the chromatographic curves indicate a fairlV high column

efficienc5 and hence,absence of' slow kinetic effects, it seems

reasonable to assume that the dsje-alcohol interaction mas be

characterized as a fairly rapidlV established equilibrium

svs teM.

The following equations serve to represent the phenomena onr the

basis of the equilibrium assumption:

D,C(i) = D,Cl - D + C1 (1)

where D represents the Methsjlene blue cation

K +
DCl(i) + A 4 DA + Cl (2)

where A represents the alcohol

In the absence of alcohol, the equilibrium described in eqn.1 is
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far to the left+ Ine fact, no appreciable amount of dye reMains

in the Mobile phase until the column is "saturated" with the

dye.

The distribution of the dye between the iMMobile arid

Mobile phases refpresents a partitioning equilibrium far in

favor of the iMMobile phase. The ratio of the dye

concentrations in the two phases is virtually constant over the

range from 1xO-6 M to 2x10 -4M (Mobile phase concentrations)#

It is interesting to observe that the iMMobilized dye at the

higher concentration would represent a thickness of

approxiMately 0.02 Monolasers if the distribution were

interpreted zs adsorption. Thus, our results would indicate

that the distrioution is more akin to liquid-liquid partition

chromatography. It should be noted that, in the polar Mobile

phase, at the low dye concentrations emploved, it may be assumed

that virtually total dissociation of the ion pair occurs.

As indicated by eqn.2, the alcohol will react with

iMMobilized dye, possibly in the iMMobilized phaset to form a

complex species of greater column affinity than itself( as shown

by the higher k' values of the coMplex)in a rapid equilibrium

fashion, which can be expressed by

K( = (3)
[ D.Cl7 [A]

i

In eqn.3, inasmuch as the concentration of the dye in the

Mobile phase remains essentially constant, the value of K is

seen to be proportional to the reciprocal of theMole ratios of
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alcohol*dde suMMarized in Table 1. Another Measure of ( is

incorporated in the value of' k',a composite of the formation

constant,K, of the complex and its true distribution ratio. The

plausibility of this relationship mat be seen from Figure i

where the values of (DA)/(A)(the reciprocal Mole ratio) for the

various alcohols are seen to varts linearly with the

corresponding values of the capacitj factor.

These results resemble those observed b5 Schill in paired

ion solvent extraction (2,7) in which auxilliar% solvent

components were found to enhance extractability of ion pairs.

Schill attributed this phenomena to adduct formation in a

formulation quite similar to our equations (2) arid (3). Of

course, in those instances the neutral adducting agents were

used at macro concentrations. More recently, Joharissorn(8)

applied thise same principle to enhance the retention volumes of

hsdrophilic ion pairs. Our work would seem the first to

demonstrate that such beahvior can be observed when the ion

pair, i.e., the dde, if present at concentration levels far in

excess of the neutral species.

Obviously, the methanol in the mobile phase plays a role

in the overall equilibriuM aside from its effect or the polarity

of the Mobile phase. In fact,this can also be described b5

eqn.2, since this alcohol competes with the anal-te alcohols.

Since the Methanol is present in Much higher concentration, the

K characterizing the dyelMethanol complex is far smaller than

that for the others, or the phenomenon would not be observed.

Also, as expected from this interaction, the methanol level in



the Mobile phase dramatically affects both the amount of dye

iMMobilized on the column (Figure 5) and the chromatographic

characteristrics of the other alcohols. As the level of Mthanol

increases, both the k' values (Table 2) and the sensitivity of

detection decrease.

CONCLUSIONS

Reversed phase paired ion partition chromatography

eMploying a highly absorbing dye as one of the ions, not only

offers obvious advantages for determination of aliphatic anions

adn cations, but has provided a novel, highly sensitive Method

for alcohols. Calibration curves for samples in the

subMicrograM range are linear (rel. stdo dev. <2%). Values of

capacity factors are found to be reproducible to better than 1%.

The technique is simple, reliable, rapid, and also applicable to

other faMilies of neutral compounds, such as trhe carboxylic

acids, esters, ketones, etc. The column, once conditioned, can

be used continuously for several weeks. Moreover, the

regenerated column retains its original characteristics# In

addition to column efficiency, the observed k' values and

sensitivities remain quantitiativelg the same.

The behavior of the alcohols on the dye-containing column

can be attributed to the formation of a dye-alchohol coMplex

which has a higher k' than does the alcohol itself. Formation

of the coMplex occurs in a rapidly reversible equilibrium

fashion characterized by equilibrium constants whose increase

with the distribution ratios of the alcohols indicate that the



same structural influences are at work in both processes.
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Table I* Alcohol: Due'Ratios in Chromatosraphic Peaks

On Partisil ODS-2 4

.1
ROH ROH/DYE Male Ratio k'

Ethanol 15 Is

i-Propanol 5.0 1.8

n-Propanol 3.0 2.2

t-BL'tanol 2.0 3.6

2-Butariol 1.5 5.1

n-Butanol 100 5.7

T-Amujl alcohol 0.5 10*8



Table 2. Variation of Capacity Factors

on CoMparison of Mobile Phase

Zorbax ODS ColuMn

Mobile Phase

CoMposition Capacity Factors

H20/MEOH EtOH i-PrOH n-PrOH t-uOH 2-BuOH n-BuOH

90/10 1.0 1.71 2.1 3.8 5.0 6.4

80/20 0.9 1.6 1.9 3.5 4.4 5.8

70/30 - - - 1.4 2.0 2.23

60/40 - - - 0.9 1.6 2,0

FI



Legend of Figures

ExperiMental conditons for Figures 1-40

Mobile phase: Methanol/H2 0 5/95 V/V

10-4 M Methvlene blue.

Flow rate: 1.0ML per min.

Detection wavelength: 651nm

Figure 1 Separation of Alphatic Alcohols.

SaMples: 1 Methanol 2. Ethanol 3. isopropanol

i. n-propanol 5. t-Butanol 6. 2-Butanol

7. n-Butanol B. t-aMvl alcohol.

Sample size# 1oyl containing 80yQ of each

alcohol.

Figure 2. Comparison of Capacity Factors of Alcohols in

Presence and Absence of Dje* Alcohol numbers

correspond to that of Figure 1. Equation of line

Y = 1.74XO.99. cot, coeff. = 0.997

Figure 3. Calibration Curves of Various Alcohols.

Figure 4 Dependence of Conbcentration Ratio of Dve:

Alcohol on Capacitv Factors.

Figure 5. Dependence of the AMount of Dje on the ColuMn

on Methanol Concentration.

Dow,-"
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Figure 2
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Figure 3
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Figure 4

20.0.
C-4

x

_ 12.01

al:

m

w

4.0

3.0 6.0 9.0 32.0 15.0

CRPRCITY FRCTOR



Figure 5
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